18 Na, the intermediate nucleus in the two-proton radioactivity of 19 Mg, was studied by the measurement of the resonant elastic scattering reaction 17 Ne(p, 17 Ne)p performed at 4 A.MeV. Spectroscopic properties of the low-lying states were obtained in a R-matrix analysis of the excitation function. Using these new results, we show that the lifetime of the 19 Mg radioactivity can be understood assuming a sequential emission of two protons via low energy tails of 18 Na resonances.
From near to beyond the drip-lines, the nuclear force is no longer able to bind the interacting nucleons leading to instability of nuclei with respect to nucleon emission. On the proton-rich side of the chart of nuclides, the pairing force may lead to a situation where a drip-line nucleus is bound with respect to single proton emission but unbound to two-proton emission [1, 2] . Several types of two-proton emitters have been observed. On the one hand, there are the short-lived (τ 1/2 ≤ 10 −18 s) light nuclei such as 6 Be, 12 O or 16 Ne [2] where most probably the decaying ground state (g.s.) has large width so that it overlaps with 1p emitter states in the intermediate nucleus and the two protons are emitted mainly sequentially. On the other hand, there are the longerliving (τ 1/2 ∼ms) intermediate mass nuclei such as 45 Fe, 54 Zn or 48 Ni [3] where the two protons could be emitted simultaneously. In all cases, it is essential to know the structure of the intermediate nucleus in order to understand the emission mechanism. But in many cases, it is very difficult to study experimentally the intermediate nucleus since it is located very far from the valley of stability. A new case of two-proton radioactivity was observed recently, this is 19 Mg [4] . Its lifetime of 4.0(15) ps makes 19 Mg an intermediate case between the short and long-lived nuclei. The measured lifetime and p-p angular correlations [5] are well described by the predictions of ref. [6] when assuming only d-wave single-particle states in the low-lying structure of 18 Na and thus a dominant d 2 single-particle configuration for 19 Mg. Theoretical calculations of properties of 19 Mg depend strongly on the assumption made about the structure of 18 Na and its mirror nucleus. In this letter, we investigate both experimentally and theoretically the low lying spectrum of 18 Na. We strongly refine the knowledge about the lowlying spectrum of 18 Na and find that there are also lowlying s-wave states. These states should strongly boost the expected two-proton width.
On the theoretical side, the structure of 18 Na has been predicted assuming a core of 17 Ne + proton structure [6] or by coupling a neutron hole to the lowest states in 19 Na [7] . In both cases, the low-lying structure of 18 Na is found to have d-wave configuration. In the following, another theoretical approach is described and predicts also low lying s-wave states. The dimensionless reduced widths θ 2 (sometimes called spectroscopic factors) where estimated with the shell model. The values shown in Tab. I were obtained with the OXBASH code [8] and the ZBM interaction [9] in the 1p 1/2 , 1d 5/2 and 2s 1/2 shells space. It predicts that the first six low lying states can be described mainly (with θ 2 > 0.5) by single particle con- 18 Na are unbound to one-proton but also three-proton emission.
Experimentally, the 18 Na nucleus was measured only once using a stripping reaction [12, 14] , but the ground state was not clearly identified. Two peaks were observed, one with a proton separation energy of S p =0.41(16) MeV and a width of Γ= 0.34(9)MeV, and the other with S p =1.26(17) MeV and Γ= 0.54(13)MeV. If the first peak (S p =0.41 MeV) corresponds to the ground state, then its position is in strong disagreement with the model predictions. Moreover, in this case, the 19 Mg lifetime could not be understood since this nucleus would decay with an extremely fast (τ 1/2 ≤ 10 −18 s) sequential emission of two protons through the intermediate 18 Na ground state resonance. Even though the second peak seems more probable for the g.s., more experimental spectroscopic information is needed.
Resonant elastic scattering is a powerful method to investigate the structure of unbound nuclei [15] as it does not only provide the energies of the states but also widths and spins. However very few proton-rich unbound nuclei are accessible experimentally due to very low beam intensities as getting closer to the proton drip-line. The unbound nucleus 18 Na, the intermediate nucleus in the two-proton radioactivity of 19 Mg, is one of the rare unbound nucleus to be accessible. In this letter we report on the measurement of the resonant elastic scattering reaction p( [16] . The beam impinged on a fixed 50µm thick polypropylene C 3 H 6 target coupled to a second rotating 50µm thick C 3 H 6 target. The two targets together were thick enough to stop the 17 Ne beam. This method, described for the first time in ref. [17] , has enabled us to measure the excitation function from 0.8 MeV to 3.8 MeV in the centerof-mass. Scattered protons were detected by a ∆E-E annular telescope of silicon detectors placed at forward angles, called CD-PAD [18] . The telescope was composed of a thin (≈40µm) double-sided stripped silicon detector coupled to a 1.5mm thick silicon detector and was covering angles from 5 to 20 degrees in laboratory. The scattered proton spectrum had background from betadelayed protons emitted in the beta decay of 17 Ne. This nucleus decays with a lifetime of 0.109 s and a probability to emit protons of ∼90%. More than 98% of the β-delayed protons were rejected by using a 60 cm circular target (FULIS target [19] ) rotating at 1000 rpm. The ions were implanted in the target and moved away before their decay. A supplementary Microchannel Plate (MCP) was used for time of flight (ToF) and beam measurement with an efficiency close to 100%. From ToF measurement and ∆E-E selection, the scattered protons were identified and the proton spectrum was obtained (see Fig. 1 ). The residual β-delayed protons were sub- tracted following the same technique. The background produced by the presence of 12 C in the target was measured using a pure carbon target with equivalent thickness and was also subtracted. Then, the proton spectrum was converted to the CM excitation function by using a Monte-Carlo algorithm taking into account the energy resolution of detectors and energy loss into the target. An overall energy resolution of 15 keV was obtained. In this analysis, it was assumed that protons were produced by elastic scattering reactions only. Excitation function thus obtained (see Fig. 2 ) shows that the Rutherford scattering is dominant at low energy and it also shows at energies higher than 1.5 MeV several resonances reflecting the 18 Na compound nucleus structure. Indeed, the position of these resonances is related to the energy of the excited states in the compound nucleus whereas their widths and shapes provide information on lifetimes (and spectroscopic factors) and spin-parity respectively. Spectroscopic properties of the low lying states in 18 Na can be extracted using an R-matrix analysis of the measured excitation function. In order to perform this analysis, it is essential to find good initial conditions for the fit. For this, we used the properties predicted by the shell model (see Tab. I). A fit with the R-matrix code Anarχ [20] was performed with energies and widths for the resonances as free parameters. The best fit obtained in this analysis is presented in Fig. 2 , with energies and widths of the resonances shown in Tab. I. The R-matrix fit agrees very well with the data in most part of the excitation function, including the low energy region where the cross section is mainly described by the Rutherford scattering. The first visible peak at resonance energy E r =1.552(5) MeV is a very narrow with a measured width of 5(3) keV, and the shape of the peak agrees very well with a 2 − spin assignment. These results are in excellent agreement with the predictions for the 2 − 1 state (E r =1.5 MeV and Γ = 8 keV). The shape of the peak is not compatible with a 1 − spin-parity. This first peak is followed by a broad peak which is well fitted when three resonances are taken into account. It corresponds to two broad states with spin-parity 0 − and 1 − and a narrower 3 − state. This is in good agreement with the predictions for the 0
− resonance is found very close to the predicted energy. The 1 − 2 resonance is down shifted by about 400 keV. We note the absence of a peak located at low energy and corresponding to the 1 − ground state. As the energy resolution was of 12 keV in the CM, there are two possibilities: (i) either the 1 − g.s. and the 2 − first excited state of 18 Na could not be resolved, this means that the energy difference between the two states is lower than 5 keV, (ii) or the 1 − state is so narrow that it is not visible. The latter would be in agreement with shell-model calculations. Moreover, there may be a broad peak around 1.360 MeV which would be in agreement with the second peak of ref. [12] but it could also correspond to some remnants of the β-p background. It could appear surprising to have such narrow states in an unbound nucleus located two steps beyond the proton drip-line. In fact, the escaping proton is kept longer inside the emitting unbound nucleus due to the Coulomb barrier, and also because of the structure of the state. Indeed the overlapping of 18 Na g.s. and 17 Ne g.s. is very small (θ 2 =0.086). Also, the 2 − 2 state is not visible in our spectrum, meaning that its width is very small, in agreement with the predictions. Zerguerras et al [12] observed a peak at ∆M=24.19 MeV that was interpreted as an inelastic contribution from an excited state located at E r =1.8 MeV. This interpretation is compatible with our results since the 0 − state is located very close to this energy (E r =1.82 MeV) and, within the uncertainties, the branching ratio for the inelastic channel could be as high as 15 %. Few events of multiplicity 2 or more were observed. Our results are synthesized in the level scheme of Fig. 3 .
FIG. 3: States observed in
18 Na and in the framework of 17 Ne g.s. Decay energies are given in keV relative to the respective 1p and 2p thresholds. Dotted lines correspond to very narrow states that were not observed. The thickness of the lines is proportional to the width of the state.
Lifetime of
19 Mg for sequential two-proton decay through low energy tails of 18 Na resonances can be estimated using the quasi-classical R-matrix type model from [21] . The main contributions arises through the 
